Optimization of the Horizontal STAR Well Pattern in the Orinoco Oil Belt by Fernandez-Rincon, Edgar Alexander & Fernandez-Rincon, Edgar Alexander
  
 
IMPERIAL COLLEGE LONDON 
 
 
 
 
 
 
Department of Earth Science and Engineering 
 
 
Centre for Petroleum Studies 
 
 
 
 
 
 
 
Optimization of the Horizontal STAR Well Pattern 
in the Orinoco Oil Belt 
 
By 
 
 
 
Edgar Alexander Fernández-Rincón 
 
 
 
 
 
 
A report submitted in partial fulfilment of the requirements for 
the MSc and/or the DIC. 
 
 
 
 
 
 
September 2010 
2   [Paper Number] 
DECLARATION OF OWN WORK 
 
 
 
 
 
I declare that this thesis [Optimization of the Horizontal STAR Well Pattern in the Orinoco Oil Belt] 
is entirely my own work and that where any material could be construed as the work of others, it is fully 
cited and referenced, and/or with appropriate acknowledgement given. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Signature:..................................................................................................... 
 
 
 
 
 
 
 
Name of student: Edgar Alexander Fernández-Rincón 
 
 
Name of supervisor: Matthew D. Jackson 
 
 
Name of the company supervisor: José Luis Bashbush, Schlumberger 
 
[Paper Number]  3 
Abstract 
 
The Orinoco Heavy Oil Belt – normally referred to as the Faja – covers an area of about 13 million acres 
divided in four main blocks. These are (from west to east): Boyacá, Junín, Ayacucho, and Carabobo.  In 
the 1990’s, the development of this accumulation started by different joint ventures established between 
the Venezuelan national oil and gas company, Petróleos de Venezuela (PDVSA), and major transnational 
operators. 
 
Although the Faja reservoirs are primarily heavy oil deposits, high porosity and permeability conditions 
allow for primary recovery processes that are technically feasible and economically attractive using a 
number of advanced well designs, one of which is the STAR pattern of laterals experimented with by 
former Sincor.  However, early water breakthrough is a key risk due to the existence of an active aquifer 
support, particularly where water handling facilities are limited. 
 
This investigation encompasses the construction of a numerical simulation model with representative 
typical petrophysical and fluid properties encountered in the Junín Block of the Faja.  The aim is to 
evaluate two candidate completion types: blind pipe sections in the production liner, and passive fixed 
control devices to reduce water production and to assess whether observed early water production could 
be ameliorated by implementing such completion elements, placed in specific locations aided by state of 
the art logging techniques.  The effects of different oil column thicknesses linked to different aquifer 
depths observed in the area are also incorporated in the analysis.  Production from a 12 wells recreated 
cluster covering an area of about 4,600 acres was simulated mimicking the production behaviour 
described in the literature. 
 
This study serves as a feasibility analysis to reduce water production and hence to increase oil production 
under analog condition in the field.  The information used to generate the geological and petrophysical 
static model was compiled from publications in the available literature, experienced in similar 
accumulations, and theoretical correlations developed specifically for the Orinoco Oil Belt. 
 
The conclusions of this investigation indicate that ad-hoc completions, considering both Blind Pipe 
sections and Inflow Control Devices are suitable options to implement in the STAR pattern being drilled 
in this vast area.  The analysis was complemented with the incorporation of a simple economic model 
(applicable to the Faja conditions) to compare two simulated scenarios to control the early water 
breakthrough versus the base case. 
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Abstract 
 
The Orinoco Heavy Oil Belt – normally referred to as the Faja – covers an area of about 13 million acres divided in four 
main blocks. These are (from west to east): Boyacá, Junín, Ayacucho, and Carabobo.  In the 1990’s, the development of this 
accumulation started by different joint ventures established between the Venezuelan national oil and gas company, Petróleos 
de Venezuela (PDVSA), and major transnational operators. 
 
Although the Faja reservoirs are primarily heavy oil deposits, high porosity and permeability conditions allow for primary 
recovery processes that are technically feasible and economically attractive using a number of advanced well designs, one of 
which is the STAR pattern of laterals experimented with by former Sincor.  However, early water breakthrough is a key risk 
due to the existence of an active aquifer support, particularly where water handling facilities are limited. 
 
This investigation encompasses the construction of a numerical simulation model with representative typical petrophysical 
and fluid properties encountered in the Junín Block of the Faja.  The aim is to evaluate two candidate completion types: blind 
pipe sections in the production liner, and passive fixed control devices to reduce water production and to assess whether 
observed early water production could be ameliorated by implementing such completion elements, placed in specific locations 
aided by state of the art logging techniques.  The effects of different oil column thicknesses linked to different aquifer depths 
observed in the area are also incorporated in the analysis.  Production from a 12 wells recreated cluster covering an area of 
about 4,600 acres was simulated mimicking the production behaviour described in the literature. 
 
This study serves as a feasibility analysis to reduce water production and hence to increase oil production under analog 
condition in the field.  The information used to generate the geological and petrophysical static model was compiled from 
publications in the available literature, experienced in similar accumulations, and theoretical correlations developed 
specifically for the Orinoco Oil Belt. 
 
The conclusions of this investigation indicate that ad-hoc completions, considering both Blind Pipe sections and Inflow 
Control Devices are suitable options to implement in the STAR pattern being drilled in this vast area.  The analysis was 
complemented with the incorporation of a simple economic model (applicable to the Faja conditions) to compare two 
simulated scenarios to control the early water breakthrough versus the base case. 
 
Introduction 
 
The Orinoco Heavy Oil Belt – normally referred to as the Faja – covers an area of about 13 million acres divided in four main 
blocks. These are (from west to east): Boyacá, Junín, Ayacucho, and Carabobo.  In the 1990’s, the development of this 
accumulation started by different joint ventures established between the Venezuelan national oil and gas company, Petróleos 
de Venezuela (PDVSA) and major transnational operators. Figure 1 shows the Faja area and its four main blocks. 
 
The regional exploration and evaluation program of the Faja concluded in 1983.  This evaluation interpreted data from 25,000 
km of seismic lines, 800 exploration wells and 600 production tests, resulting in an estimation of an original oil in place 
equivalent to 1.2x10
2
 barrels. (Fiorillo. 1987). From 1993 to 1997, four strategic associations were created between the 
national oil and gas company in Venezuela, Petróleos de Venezuela (PDVSA) and foreign operator companies.  Significant 
areas were awarded to these four companies to develop the assets and upgrade the produced heavy oil from 7.6 - 9 degrees API 
to synthetic crudes of up to 32 degrees API with lower sulfur contents. Table 1 details the ownership of these original 
companies. 
Imperial College 
London 
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Figure 1.  Faja area and its four main blocks.   After Fernández et al. 2008. 
 
 
Table 1.  Faja strategic associations.   After Silvana Pezzella Abilahoud, (2001). 
Block Junín Junín Ayacucho Carabobo 
Joint Venture 
Petrocedeño 
(Former Sincor) 
Petroanzoategui 
(Former Petrozuata) 
Petropiar 
(Former Ameriven) 
Petromonagas 
(Former Cerro Negro) 
Shareholders 
PDVSA (39%) 
Total (47%) 
Statoil (14%) 
PDVSA (49.9%) 
Conoco (50.1%) 
PDVSA (30%) 
Phillips (40%) 
Texaco (30%) 
PDVSA (41.67%) 
Mobil (41.67%) 
Veba-Oil (16.66%) 
 
Although Faja reservoirs are primarily heavy oil deposits, high porosity and permeability conditions allow for primary 
recovery processes that are technically feasible and economically attractive using a number of advanced well designs, one of 
which is the STAR pattern of laterals experimented with by former Sincor. However, early water breakthrough is a key risk 
due to the existence of an active aquifer support, particularly where water handling facilities are limited. As reported by 
Pereira et al. (2005), more than 300 horizontal wells with an average length of 4,500 ft (MD) have been drilled under the 
STAR configuration consists of a series of horizontal wells drilled outwards from the same surface cluster forming a star-like 
footprint. These types of wells have been within the Sincor area located in Junin Block, characterized by a fluvio-deltaic 
depositional environment with high sand content, high permeabilities, large regional aquifer and oil viscosities in the main area 
range between 1,800 and 3,500 cp. 
 
Sincor started production in December 2000, and two months later, the first water breakthrough was noticed in two of the 
wells.  As there were not enough surface facilities to maintain the high water-cut wells in production, the immediate solution at 
that time was to shut-in many of them and drill new wells in virgin parts of the reservoir.  The growing water production 
became a serious issue in 2001 when the water production reached the water handling capacity of 20,000 bwpd.  After 3 years 
of production the water capacity was doubled to 40,000 bwpd and by 2005, the capacity was further increased to 70,000 bwpd 
giving the flexibility to produce more wells with high water cuts (Pereira et al. 2005). 
 
To improve reservoir knowledge and identify points of water influx into the wells, data acquisition and operational 
procedures were implemented as a normal practice for water detection, such as the installation of fiber optics in the problem 
wells.  A case study was published in 2004 by Sincor documenting an operational procedure to reduce water cut in the wells. 
Geological and geophysical interpretation revealed the existence of a regional underlying shale shielding the studied well from 
the aquifer. The water entry point was found at the deepest TVD point of the well when the same crossed such shielding shale 
in a short interval or gap. Fiber optic interpretation suggested a water entry point section was in line with the geological and 
geophysical interpretations (Focault et al. 2004).  This was followed by a cement and gel injection program to shut off the 
water sources; however, due to the involved operational challenge of isolating open hole completions and their associated 
costs, it is uncertain whether this procedure became a normal practice for Sincor.  For all these reasons, implementation of 
alternative methods and procedures related to the completion of the wells are required to assess whether they would contribute 
to slow the water breakthrough, acknowledging the high viscosity contrast between water and the heavy oil present in the 
reservoir. 
 
Objectives 
 
This investigation encompasses the construction of a numerical simulation model with representative typical petrophysical 
and fluid properties encountered in the Junín Block of the Faja.  The aim is to evaluate two candidate completion types: blind 
pipe sections in the production liner, and passive fixed control devices to reduce water production. 
 
10   [Paper Number] 
The placement of these devices can be planned through the interpretation of logs from advanced LWD tools capable of 
detecting discontinuities or gaps in the regional underlying shale barrier, now that the geological setting of the area is better 
understood.  Aquifer influx pathways have been associated with resistivity contrasts between the zones having the shale barrier 
and those without it. 
 
A 12-well STAR pattern consistent with the current development pattern of the area was incorporated in the numerical 
simulation model.  This study serves as a feasibility analysis to reduce water production and hence to increase oil production 
under analog condition in the field. 
 
Background 
 
No previous studies in the Faja have been carried out towards water control; however different authors have published 
relevant information about the technology and real case studies where ICD and blind pipes have yielded positive results. 
Fernandes et al. (2009) describes inflow control devices (often referred to as equalizers) as completion elements attached to the 
well to distribute the flow more evenly along the horizontal section of a well.  Even though the detail structures vary from one 
design to another, the principle for different inflow control devices is the same – restrict flow by creating additional pressure 
drop, and therefore balancing or equalizing wellbore pressure drops along the well length to achieve a more evenly distributed 
flow profile. Hasan et al. (2008) presented four case histories where inflow control devices were successfully deployed in 
Saudi Arabia, in clastic and carbonate reservoirs, with the objective of creating a more uniform inflow profile, thereby 
delaying early water breakthroughs and preventing water coning and gas cusping.  Davila et al. (2009) described the design 
and application of new open-hole sand face completion architectures equipped with inflow control device technology (first in 
Ecuador).  The ICD completion architecture was successfully installed in consolidated sandstones and non-consolidated 
formations.  In both cases, ICD yielded positive results by allowing the lifting of more “dry oil”, at the same time improving 
reservoir drainage and decreasing water production. 
 
Maggs et al. (2008) cover the application of a new technology combining drilling and completion equipment in horizontal 
wells to ensure efficient production along the wells, resulting in better sweep and minimizing early water production at the 
heels of the wells.  Additionally, they documented how once total depth of the well was reached, well trajectory and formation 
evaluation data was sent to the completion experts to be analysed, then, the wellbore trajectory and reservoir properties were 
updated in their models prior to running a series of sensitivity scenarios to re-define improved ICD configurations.  The results 
of this iterative process yielded a re-adjustment of the initial ICD nozzle configuration. 
 
Ratterman et al. (2005) describes historical applications of inflow control devices in the Troll field, located in the 
Norwegian sector of the North Sea which produces from a high permeability sandstone formation with a thin oil layer and 
where ICD have been utilized in over 120 wells.  They also describe how in carbonate formations of Saudi Arabia, ICD 
technology combined with sand control completion equipments has resulted in significant savings for the operator and 
improved production in horizontal wells.  Wibawa et at. (2008) presented the first installation of nozzle-based passive inflow 
control devices (ICD) for Apache Corporation in Australasia, applying this technology in both production and injector wells 
and served as a demonstration of the potential of ICD technology in the development of the Stag oilfield. 
 
The design of Inflow Control Devices is associated with a good understanding of reservoir properties, and characteristics.  
As reported by Addiego-Guevara et al. (2008), a passive model based strategy can yield negative results if the reservoir 
geology and behaviour is poorly understood.  Reactive control, in which the settings of inflow control valves are changed as a 
response to adverse changes in flow –such as the arrival of unwanted fluids-, enhance production and mitigate reservoir 
uncertainty.  This investigation was based on a good understanding of the existing geological conditions of the area and a 
passive approach using fixed control devices (FCD) -also known as Nozzle ICD- along the well was studied. 
 
Methodology 
The methodology of the study consisted of defining a series of case scenarios simulating blind pipe sections and passive 
fixed control devices -placed at specific locations- where the existing underlying shale was not shielding the wells.  The 
commercial numerical simulator Eclipse 100 in conjunction with the Petrel RE pre- and post- processor were used for the 
study. 
 
Simulation model description. 
 
Grid Construction. 
A recreated typical cluster of twelve wells was defined involving an area of about 4,600 acres within a formation of 250 
feet in thickness.  Wells have a horizontal section of 3,500 feet consistent with current practice in the area that is essentially 
flat with no major faults present.  Figure 2 shows a top view of the wells in the simulation grid. 
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Previous investigators simulating completion elements, such as Montaron et al. (2007), found that the biggest challenge for 
evaluating completion elements in full field models is the proper representation of the reservoir properties when they are up-
scaled based on log data, because the extreme values are often lost in the process.  In addition, they mentioned that the 
reservoir grid would be on a different scale than the actual completion.  For this work, the grid was designed to capture the 
resolution of the elements in the model, considering pipe lengths of 30 feet with 10-foot long packers, for a total length of 40 
feet per section.  The simulation grid contains in its central part a grid resolution of 40 x 40 feet in the X and Y directions, 
using coarser grid sizes away from the wells towards the edges.  This grid design was chosen after a series of trials involving 
other design to achieve a more manageable balance between resolution and CPU time.  Preliminary grids were created testing 
different alternatives including several arrays of local grid refinements (LGR).  Models with 200 x 200 feet grid cells were 
initially created probing different LGR.  Figures 2a and 2b illustrate some of these early trials. 
 
  
 
Figure 2a. Simulation grid with local grid refinement, considering 
a square polygon. 
 
Figure 2b. Simulation grid with local grid refinements in the near 
wellbore areas. 
 
The reduction in cell count when using LGRs was counterbalanced by the numerical overhead related to the computational 
effort involved in the non-neighbour connections between them and the coarse (global) grid yielding a greater CPU time.  
Hence, the grid illustrated in Figure 3 was used for all the cases of this study. 
 
 
 
Figure 3. Top view of the STAR array in a cluster of 12 wells showing the final simulation grid used in the study. 
 
For the vertical resolution in the grid, layers of cells with thicknesses of 10 feet were defined.  The resulting final grid has a 
resolution of 275 x 275 x 21 cells, with a total of over 1.58 million grid cell blocks. 
 
Reservoir and fluid properties. 
In the case study presented by Foucault et al. (2004) for one of the areas of Junín, there is a horizontal well on top of a 
underlying shale layer shielding the well from the aquifer in almost the entire horizontal section.  The simulation model for 
this study was built recreating this feature, having a 10 foot shale layer between the aquifer and the oil zone.  This 
representation is of key relevance since the operating company has determined it to be most likely; the well was producing 
water only from the section or gap in which the shale shield was missing or crossed during the navigation of the well, and 
therefore connecting the aquifer with the oil zone (Figure 4). 
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Figure 4. Lateral view of the horizontal well showing the shale discontinuity  
bypassing both water and oil zones, as described by Foucault et al. (2004). 
 
To represent the situation described by Foucault et al. (2004), a two facies model emulating a fluvio-deltaic depositional 
environment was built.  The facies models consisted of a shaly facies represented by a shale layer with 90 % shale content and 
small thin channels oriented north-east, with 10 % sand bodies (sand facies), to induce communication between the aquifer and 
the oil sands in random sections across the simulation model.  See Figures 5a, 5b and 5c where a 10 foot layer separates the 
aquifer and the oil zone.   On Figure 5 (a to c), the sand facies represented in yellow while the shale facies represented in gray. 
 
  
 
Figure 5a. Top view of the shale layer with 10% sand 
distribution gaps across channels. 
 
Figure 5b.  Zoom-in of the central part of the well STAR array 
showing the shale layer dividing the water zone from the oil zone. 
 
 
 
Figure 5c. Relative position of the shale barrier (in grey) 
dividing the upper sand body from the lower sand body. 
 
 
The described facies model provided a means to map the petrophysical properties for both the sand and shale cells. 
Average petrophysical properties were collected from Foucault et al. (2004) and Faria-Caraballo (2010).  The set of 
petrophysical properties are summarized in Table 2. 
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Table 2. Model Properties 
Model 
Dimensions 
Parameter Value Unit 
Length 14,200 feet 
Width 14,200 feet 
Thickness 250 feet 
Reservoir 
Properties 
Depth of Top 2,100 feet 
Initial Pressure 700 psi 
Reservoir Temperature 125 °F 
Net to Gross Ratio 0.90  
Rock properties 
Horizontal Permeability   (high) 25,000 mD 
Horizontal Permeability     (mean) 19,000 mD 
Horizontal Permeability (low) 10,000 mD 
Porosity 0.33  
Swc 0.12  
Swcr 0.14  
Fluid Properties 
Oil Viscosity 2,500 cp 
Rs 60 scf/stb 
 
Additionally, Guzman et al. (2002) described in their publication regarding Cerro Negro -located in one of the Faja blocks- 
the lack of an apparent correlation between porosity and permeability.  For this investigation, a triangular distribution similar 
to the one used in other studies of the Faja was used with the permeability ranging between 10,000 mD and 25,000 mD, as 
indicated in Table 2. 
 
It has been reported by Foucault et al. (2004) that water breakthrough occurred in the wells after two to three months of 
production. Corey type relative permeability curves were modified to match the water breakthrough time in the producers, by 
varying the exponents describing the curve convexity and the critical water saturation.  The final relative permeability curves 
used are shown in Figure 6.  Later in the discussion and results section, it will be shown that the production profile of the Base 
Case is in agreement with the published production information of similar patterns in the area.  For simplicity, capillary 
pressure effects in the high porosity and very high permeability sandstones of the Faja have been neglected. 
 
 
 
Figure 6. Final relative permeability curves. 
 
Aquifer and well completion details. 
A bottom aquifer was defined in the model.  The aquifer volume of the model was adjusted to be about 20 times bigger 
than the oil reservoir volume, to maintain an equivalent energy correspondence.  All the wells in the Base Case, were 
completed across the same horizontal layer at a vertical distance of approximately 60 feet above the water zone (Figure 7). 
 
 
 
Figure 7. Lateral view depicting the representation of one of the wells in the STAR array in the model. 
 
Oil Zone 
Aquifer 
60 feet 
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Simulation completions elements. 
The wells were represented with a 7” production liner defined inside of a 9” horizontal borehole.  Blind pipe sections were 
simulated by not perforating the liner in the zones where gaps in the shale were encountered, while slotted liners had a uniform 
set of perforations allowing communication between the borehole and the inside of the wells.  The multi-segment well (MSW) 
option of the Eclipse simulator was used to properly represent the viscous flow of oil inside the wells and account for the 
pressure drops along the horizontal well sections.  Horizontal wells were divided into segments each having its own set of 
strongly coupled main variables (Holmes et al. 1998).  The segmentation was generated in Petrel RE and exported to Eclipse 
to run the simulations.  Multi-segmented well models help to adequately determine local flowing conditions throughout the 
well and allowing for pressure losses along the wellbore and across the inflow control devices in the cases where these devices 
were incorporated (Holmes et al. 1998). 
 
Premises 
 
Before presenting the proposed scenarios, the assumptions or premises for the purpose of this investigation are mentioned 
herein: 
 All simulations were extended for a period of 10 years. 
 The Base Case considered that the position of the OWC was at 2,250 feet sub-sea depth. 
 The aquifer volume is 20 times larger than the oil volume in the reservoir. 
 The wells were controlled to produce a maximum of 2,000 rb/d constrained to a minimum BHP of 300 psia. 
 All the wells were completed 60 feet above the oil-water contact. 
 All wells have a horizontal section of 3,500 feet. 
 The water entry across the horizontal wells occurs in the gaps where no shale was detected below the well. 
 Well No. 4 was selected as a type well for the presentation of results.  The selection of Well No. 4 as the type well 
relies on its similarity with the real case scenarios described by Foucault et al. (2004). 
 For easy of reference, the wells were labelled in the model clockwise, with Well No. 1 in the 12 o’clock position, and 
Well No. 4 representing the 3 o’clock position.  See Figure B1 in Appendix B. 
 
Figure 8 presents a cross section of the vertical permeability distribution along a cross-section of Well No.4.  The shale 
barrier is represented in gray colour.  Below the shale layer, lies the aquifer.  On top of the shale layer, lies the oil zone.  It is 
possible to observe in this figure the existence of a permeable gap near the half way interval of the gray shale barrier. 
 
 
 
Figure 8. Cross section of Well No. 4 depicting vertical permeability gap in the model for this well that would eventually allow water to 
encroach into the well.   The shale is represented in gray colour. 
 
Underlying shale gaps and possible water entries identification. 
With the technology nowadays it is possible to identify water entry zones in wells already completed through the 
identification of temperature variations with fiber optic filaments, as reported by Foucault et al. (2004).  Another option would 
be to measure electrokinetic potentials which may detect water several tens to hundreds of meters from the well (Jackson et al. 
2005). If the completion of the well is intelligent, installed inflow control valves could be triggered as a result of the arrival of 
the unwanted fluid (reactive) detected by the fiber optic or, triggered in response to the change in flow measured at some 
distance away from the well (proactive) (Addiego-Guevara et al. 2008).  Electromagnetic logging while drilling tools allow 
identification of shale beds and its gaps and reservoir boundaries prior completion. For this particular analysis, it is supposed 
that the shale gaps where the wells are not shielded from the aquifer are known by state of the art logging techniques. 
 
Simulation Scenarios. 
Over fifty different simulation runs were tried in the course of this investigation.  The various runs included a series of 
preliminary runs to calibrate the model to the behaviour actually observed in the field, as reported by Foucault et al. (2004) and 
and private communications with people familiar with the area of study.  In the end, nine case scenarios were selected to be 
Underlying 
Shale 
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presented in this report.  The first six cases considered the full twelve-well cluster model; the later 3 scenarios simplified the 
analysis considering only Well No.4 and a sector of the reservoir around this well.  The 9 cases of this report are as follows: 
1.- A Base Case, with no water control or completion device in the horizontal wells. 
2.- Blind Pipe Case 1. 
3.- Blind Pipe Case 2. 
4.- Blind Pipe Case 3. 
 
Varying the oil-water contact depth. 
5.- Case OWC1, locating the oil-water contact at a depth of 2,240 feet (10 feet above the Base Case). 
6.- Case OWC2, locating the oil water contact at a depth of 2,260 feet (10 feet below the Base Case). 
 
The remaining three cases -simulating inflow control devices technology- were run using a sector model extracted from the 
12-well cluster model where only Well No. 4 (as a type well) was included. 
7.- ICD1 
8.- ICD2 
9.- ICD3 
 
Base Case 
The Base Case, as its name indicates, consisted of simulating the 12-well STAR cluster -as it was done in the field with all 
the initial clusters- before water production problems were suspected and before the effects of the depositional or erosional 
shale gaps were identified. 
 
Blind Pipe Scenarios: 
Three blind pipe scenarios were analyzed.  \ To set the blind pipe cases, the 3D geocellular model was reviewed around all 
wells to identify the zones where the shale gaps would not isolate the aquifer flow from the oil zone.  These gaps where the 
wells where not “protected from the aquifer influx” by the shale barrier were tagged.  The design of the water control cases 
through the use of blind pipe sections was done according to these potential water entries zones.  Appendix B, Table B1 
presents a summary of all the wells and their possible water entry zones intervals. 
 
Three different scenarios were analyzed with blind pipe section substituting slotted liner in the completions to reduce the 
water production.  In the first case, blind pipe sections were added to the completion of each well directly above the gaps in the 
underlying shale.  In the second case, two additional 40-foot sections of blind pipe were added around each gap, one before the 
gap and another one after the gap.  In the third case, four additional 40-foot sections of blind pipe around each gap were added, 
two before the gap and another two after the gap. 
 
- Blind Pipe Case 1. The blind pipe section covers only the identified shale gap in the underlying shale in each well. 
- Blind Pipe Case 2. The blind pipe sections from Case 1, are enlarged 40 feet in each direction (left and right). 
- Blind Pipe Case 3. The blind pipe sections from Case 1, are enlarged 80 feet in each direction (left and right). 
 
An illustration of the three blind pipe cases is presented in Figures 9a, 9b and 9c. 
 
 
Figure 9a. Blind pipe Case 1. Covering only the identified water 
entry interval, communicating the aquifer and the oil zone. 
 
Figure 9b. Blind pipe Case 2.  Enlarging the blind pipe sections 
of Case 1, by 40 feet in each direction. 
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Figure 9c. Blind pipe Case 3.  Enlarging the blind pipe sections of 
Case 1, by 80 feet in each direction. 
 
Inflow Control Devices scenarios: 
Three ICD scenarios were analyzed by extracting a sector model from the global grid that contained Well No. 4.  Figure 10 
illustrates a view of the sector model within a red rectangle, in the global grid.  The horizontal section of Well No. 4 was 
divided in three sections of equal length (1040 feet each).  Then, ICD joints were placed in each of these sections and many 
number of nozzle configurations were studied.  The methodology in this part of the analysis was to make the nozzle diameters 
bigger at the extremes, where no gap in the shale had been detected and smaller in the middle sector, where a gap in the shale 
(in yellow) underlying the horizontal well existed.  See Figure 11. 
 
 
 
Figure 10. Location of the extracted Sector Model in the Global 
grid, utilized in the ICD sensitivities. 
 
 
Figure 11. Case ICD1 the well was divided in three 
sections of equal length.  Bigger nozzle diameter 
size was used in the extremes keeping the smaller 
nozzle diameter size in the central sector (on top 
of the identified water entry zone). 
 
The proposed sensitivities looked at different number of nozzles in the extremes of the type well. Table 3 summarizes the 
three different ICD scenarios. 
 
 
Table 3. Summary of ICD scenarios 
Case 
Sector 1 – 6 ICD’s 
(#NozzlesXSize mm) 
Sector 2 – 6 ICD’s 
(#NozzlesXSize mm) 
Sector 3 – 6 ICD’s 
(#NozzlesXSize mm) 
ICD1 4 x 4 1 x 1.6 4 x 4 
ICD2 8 x 4 1 x 1.6 8 x 4 
ICD3 16 x 4 1 x 1.6 16 x 4 
 
All proposed scenarios considering Blind Pipe sections and Inflow Control devices are ad-hoc scenarios fitting the single 
model that has been created and honouring the key assumption that gaps in the underlying shale are known. As this study 
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pretends to be a feasibility analysis to assess whether using the two analysed completion candidates would render positive 
results to retard water breakthrough, it is not in the scope of this investigation to identify the optimum settings of blind pipe 
sections and inflow control devices. 
 
In the results and discussion section, a comparison is presented between the ICD cases against the Base Case and one of 
the Blind Pipe Case scenarios. For comparison purposes, both Base Case and the selected Blind Pipe Case scenarios were re-
run in the sector model to establish such comparison in the same 3D volume. 
 
Oil Water Contact Depth: 
To study the impact of having larger oil column lengths, as found in different sectors of the Junín area where the STAR 
pattern is being used, the oil-water contact in the model was initialized at a two different depths.   These cases were run in the 
global grid incorporating all twelve wells: 
- OWC at 2,240 feet 
- OWC at 2,260 feet 
 
Economic Model 
To quantitatively compare some of the simulated scenarios, a simple economic model was created to calculate Net Present 
Value and establish a comparison based on this indicator.  The economic parameters selected for this study were compiled 
from different sources and in cases where multiple values for an indicator were found an average value was selected.  These 
economic parameters are presented in Table 4. 
 
 
Table 4. Economic Parameters 
 
Value Unit 
Discount Rate 1 % 
Oil Price 65 US$/bbl 
Well Construction &completion 
(slotted liner) 
2,500 KUS$ 
Well Construction &completion 
(Blind Pipe Section) 
2,000 KUS$ 
Well Construction &completion 
(ICD's) 
3,000 KUS$ 
Oil-water Separation 3 US$/bbl 
Transportation 1 US$/bbl 
Emulsion treatment 0.02 US$/bbl 
Upgrading 7 US$/bbl 
Total, production costs 11.02 US$/bbl 
Water disposal cost 2 US$/bbl 
ESP 150 KUS$ 
Royalty 30 % 
TAX 50 % 
 
The method used to calculate the NPV and the cash flow and revenue calculations are presented in the Appendix C. 
 
Results and discussion. 
 
Base Case scenario. 
Figure 12 presents the behaviour versus time of the Oil Production Rate (green line) and the Water Cut for the Base Case 
scenario.  This case was run for the twelve-well STAR pattern with all the wells completed with slotted liners and with no 
additional completion equipment for water control.  The oil rate for the cluster initially exceeded 20 Mbbls/day of oil during 
the first two months of production. However, water breakthrough occurred in most of the wells in about 60 to 90 days (blue 
line), increasing rapidly to 80 % after 640 days of production. 
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Figure 12. Cluster Oil Production rate (green) and water cut (blue) for the Base Case scenario. 
 
Total cumulative production after 10 years of production forecast for the cluster was 14.6 MM bbls of oil and 71.3 MM 
bbls of water.  The unfavourable mobility ratio resulting from the high oil viscosity pushed the cumulative production of water 
to about 5 times larger than the cumulative oil production. 
 
Blind Pipe Case scenarios. 
 
Figure 13 compares the oil rate (left axis) and the cumulative oil production (right axis) for the Base Case, and the three 
blind pipe scenarios for Well No. 4. 
 
 
 
Figure 13. Oil production rate (left axis) and cumulative oil production (right axis) comparing the Base Case (black line), Blind pipe 
Case 1 (green line), Blind pipe Case 2 (blue line) and Blind pipe Case 3 (red line) for Well No. 4. 
 
All three blind pipe scenarios increased the cumulative oil production and extended the period of high production rate for 
Well No.4 for more than a year.  In the Base Case scenario, the oil production rate reached the maximum allowed rate only 
when the well was first open to production, but then, the oil production decreased to 600 bopd in the first year of production.  
To complement the behaviour seen in Figure 13, Figure 14 presents the water cut behaviour for the same four cases. In  
Appendix B, Figure B2 depicts the oil production rate and oil cumulative for the entire STAR pattern.  A close up of the first 
600 days of production has been inserted in the bottom right side of the figure.  It is seen that by incorporating blind pipe 
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sections above the gaps in the shale barrier, water production can be retarded in the wellbore.  For the Base Case scenario, 
water breakthroughs occurred in the well after 90 days. However, with the blind pipe cases, the water is first seen in the well 
after 150 days for Case 1, 180 days for Case 2 and 210 days for Case 3. 
 
 
 
Figure 14. Water cut behaviour for the three blind pipe case scenarios and the Base Case in Well No. 4. 
 
Figures 15a and 15b depict a cross section showing water saturation for the selected Well No.4 in the Base Case scenario 
and a Blind Pipe Case.  Water saturation after two years in the case without blind pipes is higher along the permeable path 
between the oil zone and the aquifer zone underneath the well.  However, in the case with the blind pipe sections in the well to 
restrict the flow across the permeable path, the water saturations are lower.  To illustrate these results, Blind Pipe Case 3 was 
selected. 
 
  
 
Figure 15a. Cross section displaying water saturation, Base Case scenario, no water control after 2 years. 
 
  
 
Figure 15b. Cross section displaying water saturation, blind pipe scenario Case 3 after 2 years. 
 
Table 5 summarizes water and oil production cumulative after 10 years of production forecast. 
 
 
Table 5. Fluid cumulative production and water breakthrough times comparison 
between Base Case and blind pipe cases 
Case Oil Cumulative 
(M bbls) 
Water Cumulative 
(M bbls) 
Water breakthrough 
time (days) 
Base Case 1.14 6.03   90 
Blind pipe Case 1 1.49 5.60 150 
Underlying 
Shale 
(White) 
Underlying 
Shale 
(White) 
20   [Paper Number] 
Blind pipe Case 2 1.59 5.46 180 
Blind pipe Case 3 1.68 5.32 210 
 
Figure 16 presents a 3D view of the 20% water saturation cells after two years of initiating the production in the STAR 
pattern.  The left image shows how for Well No. 4 in the Base Case a water saturation of 20% has reached the well, but in the 
right image where blind pipe sections have been judiciously placed, there are no cells with 20% water saturation. 
 
  
 
Figure 16. Water saturation through the shale “holes” for the Base Case (left) and the blind pipe Case 3 scenario (right) after two 
years of production.  Water saturation regions of 20% are illustrated by the light blue colour. 
 
Inflow Control Devices scenarios. 
As quoted in the methodology section, both Base Case scenario and Blind Pipe Case 3 (being the best case from the 
studied Blind Pipe Case scenarios), taking into account type Well No. 4 only, were re-run in the sector model. Figure 17 
presents a set of oil rate curves corresponding to the compared cases.  Black and red lines represent Case Base and Blind Pipe 
Case 3 scenarios respectively. The gray, orange and violet lines correspond to the case ICD1, ICD2 and ICD3 respectively. 
Figure 18 illustrates water cut for the same compared scenarios presented in figure 17 showing that in case ICD1, water 
breakthrough occurs 365 days after production started. Similar behaviours for cases ICD2 and ICD3 were obtained where the 
production plateau was not as high as the early production period in the Blind Pipe Case; however, an average oil production 
of about 900 bbls/day was maintained for around 2 and a half years for cases ICD2 and ICD3 and for almost 3 years for case 
ICD1. In these three cases, water breakthrough was retarded even more than in the best blind pipe scenario, allowing 
production of more dry oil for a longer period of time. 
 
Table 6 summarizes the cumulative fluid for the ICD cases, blind pipe Case 3 and the base case for the Well No. 4. 
 
Table 6. Fluid cumulative and water breakthrough time comparison between base 
case and ICD cases 
Case Oil Cumulative 
(M bbls) 
Water Cumulative (M 
bbls) 
Water breakthrough 
time (days) 
Base Case 1.14 6.03   90 
ICD1 1.73 4.68 365 
ICD2 1.74 4.89 320 
ICD3 1.74 4.95 320 
 
Well 4 
Well 4 
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Figure 17. Oil production rate comparison for the ICD case against base case and blind pipe case 3. 
 
 
Figure 18. Water cut comparison for the ICD case against base case and blind pipe case 3. 
 
From these different scenarios, it can be seen that inflow control devices also contributed to control production of 
unwanted fluids, having a positive effect retarding the water breakthrough and prolonging the production of dry oil in the well. 
The additional pressure drop imposed by placing ICD along the entire horizontal section of the well and conveniently placing 
ICD with smaller nozzle size where the water entry is suspected, is a suitable methodology when designing these equipment 
under similar conditions. Although inflow control device technology could have a negative impact on the production in the 
early life of the well, it renders a positive effect afterwards retarding the water breakthrough, and hence, extending the 
productive life of the well. 
Based on the created economic model, net present value against time was calculated (Figure 19) to compare Base Case 
scenario (blue curve) against Blind Pipe Case 3 (red curve) and the ICD1 (green curve). ICD case seems to be the case with 
higher profitability over time. Although, payback time for the blind pipe scenario is faster, the maximum obtained benefit is 
not as good as the case with ICD. Therefore, these results can be considered as an insight when the final decision of using one 
technology over the other is taken. 
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Figure 19. Net present value comparison for base case, blind pipe case and ICD scenarios. 
 
Aquifer depth variation. 
When the aquifer depth was changed from 2,250 feet to 2,240 feet and 2,260 feet, simulation results exhibited a linear 
relationship between water breakthrough and OWC depth. These results can be taken as an indication that geosteering and well 
placement techniques are suggested to guide the well positioning towards the top of the structure when gaps in a regional 
extended shale layer (isolation or not a bottom aquifer from the oil zone) are present. In Figure 20 a plot is shown displaying 
the water breakthrough time against depth. 
 
 
Figure 20. Oil water contact depth vs. water breakthrough time in days. 
 
Conclusions 
The model designed for this study reasonably emulated the behaviour of typical STAR patterns from the Junín Area of the 
Orinoco Oil Belt. 
If gaps in the continuity of the existing underlying shale are known, ad-hoc completions incorporating Blind Pipe sections 
and ICDs are suitable options to optimize the production from STAR patterns. Both technologies contributed to retard water 
breakthrough and producing more dry oil for a longer time. Blind Pipe Case scenarios allowed more oil to be recovered at the 
early production period of the well where in Blind Pipe Case 3 –covering the bigger section of blind pipe beyond the shale 
gap- water breakthrough was retarded up to 210 days. ICD cases also contributed controlling production of unwanted fluids. 
The additional pressure drop imposed by placing ICD along the entire horizontal section of the well, and conveniently placing 
ICD with a smaller nozzle diameter size where the water entry is suspected, contributed to a reduction of water production. 
[Paper Number]  23 
Although inflow control device technology could render a lower production at the early production period of the well, it 
provided a beneficial effect extending the productive life of the well. Case ICD1 was able to retard the water breakthrough up 
to 365 days. 
The created economic model revealed that although payback time for the compared Blind Pipe scenario was quicker, ICD 
cases extended the life of the well, generating higher economic benefits over time. This is important when the final decision of 
using one technology over the other is taken. 
The cases varying the OWC depth suggested geosteering and well-placement techniques are recommended to guide the 
well positioning towards the top of the structure, especially when gaps in the underlying shale layer (isolating or connecting a 
bottom aquifer from the oil zone) exist. 
 
Recommendations 
Study if re-completion of the existing problem wells by implementing any of the proposed technology would be feasible. 
Geological settings of the area are better understood due to the data gathered from the more than 300 existing wells drilled in 
the area. Therefore the shale gaps identification should be easy in the existing wells as they are equipped with fiber optic. 
Study of proactive and reactive remedial completions to asses if production in cases where gaps in the underlying shale are 
not known in advance. 
Determine the optimum length of the Blind Pipe Sections to cover the gaps in the underlying shale. 
To determine the optimum setting for inflow control devices, run additional scenarios taking into account different number 
of joints, number of nozzles and nozzles diameters. 
Propose this study to an operator in the Orinoco area to perform a similar analysis accounting real data and incorporating 
logging while drilling information. 
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Appendix A 
 
Critical Literature Review 
 
Table A.1: MILESTONES RELATED TO THIS INVESTIGATION. 
 
Paper No. Year Title Authors Contributions 
AAPG 25, p. 
103-125 
1987 
Exploration and Evaluation of 
the Orinoco Heavy oil Belt. 
G. Fiorillo 
Nice summary of the geology of 
the Orinoco Heavy Oil Belt. 
Provide Petrophysical value ranges 
and details about geology in the 
area. 
SPE 97708 2005 
Controlling water Risk in extra-
Heavy-Oil environments. 
E. Pereira, G. Vincent, J.-M. Ichbia, A. 
Johannessen 
Sharing lessons learned and 
experience from a heavy oil field 
SPE 120822 2005 
Effective Water Production 
Control Through Utilizing ECP 
and Passive ICD Completion 
Technologies: Case Histories. 
Hasan A. Al-Ahmadi and Saad M. Al-
Mutairi, SPE, Saudi Aramco. 
 
Nice case histories and how this 
technology was successfully 
implemented to reduce water 
production 
SPE 123008 2009 
First Application of Inflow 
Control Devices (ICD) in Open 
Hole Horizontal Wells In Block 
15, Ecuador. 
E. Davila, R. Almeida, I. Vela, J. 
Pazos, K. Coello, Petroamazonas; F. 
Chinellato, O. Humbert, 
Schlumberger; F. Porturas, Reslink. 
 
Another example of effectiveness 
of this technology in consolidated 
and unconsolidated sandstones. 
Technology seems to adapt well to 
different conditions. 
SPE 113577 2008 
Production Optimization for 
Second Stage Field 
Development Using ICD and 
Advanced Well Placement 
Technology. 
 
D. Maggs, SPE, A.G. Raffn, SPE, 
Francisco Porturas, SPE, 
Schlumberger; J. Murison, SPE, 
Reslink; F. Tay, W. Swarlan, N.B. 
Samsudin, W.Z.A. Yusmar, B. W. 
Yusof, T.N.O.M Imran, N.A. 
Abdullah, M.Z.B. Mat Reffin, Petronas 
Carigali Sdn Bhd. 
Very interesting paper, not only 
good description about how ICD 
was implemented to minimize 
water production and improve 
sweep efficiency, also covers how 
combining drilling technology with 
completion technology. 
OTC 17548 2005 
New Technology Applications 
to Extend Field Economic Life 
by Creating uniform Flow 
Profiles in Horizontal Wells: 
Case Study and Technology 
Overview. 
E.E. Ratterman, B.A. Voll, and J.R. 
Augustine, Baker Oil Tools. 
Nice historical background about 
the fist ever ICD implementation. 
Explained how the technology was 
develop and implemented. 
IPTC 12385 2008 
ICD Screen Technology in Stag 
Field to Control Sand and 
Increase Recovery by Avoiding 
Wormhole Effect. 
S. Wibawa, S. Kvernstuen, 
Schlumberger; A. Chechin, J. Graham, 
and K.R. Dowling, Apache Energy. 
Another application for ICD to 
minimize water production from 
the created wormhole due to 
production. Injected water was 
only going to these wormholes and 
then the water was channeling to 
the producers through it. 
Describe ICD implementation not 
only in producers, also in Injector 
wells. 
SPE 111147 2007 
Shapes of Flood Fronts in 
Heterogeneous Reservoirs and 
Oil recovery Strategies. 
Bernard Montaron, David Bradley, 
Anthony Cooke, Laurent Provost, 
Anne Gerd Raffn, Alain Vidal and 
Michael Wilt, Schlumberger. 
Raised the point that when 
simulation completions elements, 
grid resolution has to be carefully 
designed to capture heterogeneities 
in the studied area. Otherwise the 
simulation of such completion 
elements can yield into misleading 
results. 
SPE 89405 2004 
A Successful Experience for 
Fiber Optic and Water Shut Off 
on Horizontal Wells with Slotted 
Liner Completion in an Extra 
Heavy Oil Field. 
H. Foucault, D. Polileux, A. Djurisic, 
M. Slikas, J. Strand, R. Silva 
Successful case of water entry shut 
in using gel technology 
SPWLA 43 
rd Annual 
Logging 
Symposium 
2002 
Integrated Evaluation of the 
Cerro Negro Field for Optimized 
Heavy Oil Production. 
Angel G. Guzman-Garcia. 
ExxonMobil exploration, Houston. 
Luz Marina Linares, Operadora Cerro 
Negro, caracas. Eric Decoster, 
Schlumberger Oilfield Services. 
It was realized no porosity and 
permeability correlation can be 
easily obtained in this Faja area. 
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SPE 50646 1998 
Application of a Multisegment 
Well Model To Simulate Flow 
in Advance Wells. 
J.A. Holmes, T. Barkve, ø. Lund 
A new approach where the 
wellbore is divided into an 
arbitrary number of segments, each 
having its own set of strongly 
coupled variables. Allows 
representing completion element in 
the wells. 
SPE: 124677 2009 
Understanding the Roles of 
Inflow Control Devices in 
Optimizing Horizontal-Well 
Performance. 
Preston Fernandes, Zhuoyi Li, and D. 
Zhu, Texas A&M University 
Good conceptual background about 
the basic principle of the ICDs, 
nice review of the different ICD 
types. 
SPE 113918 2008 
Insurance Value of Intelligent 
Well Technology Against 
Reservoir Uncertainty. 
E.A. Addiego-Guevara, M.D. Jackson, 
M.A. Giddins 
Incorporation of uncertainty and its 
impact in the assessment of 
Intelligent Well Technology 
SPE 97063 2005 
Development and application of 
New Downhole Technology to 
Detect Water Encroachment 
Toward Intelligent Wells. 
M.D. Jackson, J.H. Saunders and E.A. 
Addiego-Guevara 
Encroaching water causes changes 
in the electrokinetic potential at the 
production well; water approaching 
the well could be detected several 
10’s to 100’s of meters away 
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AAPG 25, p. 103-125 
 
Title: Exploration and Evaluation of the Orinoco Heavy oil Belt. 
 
Authors: G. Fiorillo. 
 
 
Contribution to the understanding of the Orinoco Heavy oil Belt 
Nice summary of the geology of the Orinoco Heavy Oil Belt. Provide Petrophysical value ranges and 
details about geology in the area. 
 
 
Objective of the paper: 
To describe the geology and the appraisal phase in the area. Also, based on the gathered information, 
evaluate the Faja by supposing certain technology and calculate possible production and reserves in the 
Faja. 
 
 
Methodology Used: 
Description of the data acquisition, and how was processed to obtain valuable information about geology 
and petrophysical properties in the area. 
 
 
Conclusion Reached: 
Applying a recovery factor of 30% recoverable reserves in the Faja can reach up to 245 x10
9
 bbls.  
 
 
Comments: 
Nice piece of work containing detailed information about geology and petrophysical properties in the 
Faja. Excellent evaluation of the Faja. 
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SPE: 97708 
 
Title: Controlling water Risk in extra-Heavy-Oil environments. 
 
Authors: E. Pereira, G. Vincent, J.-M. Ichbia, A. Johannessen. 
 
 
Contribution to the understanding of the Orinoco Heavy oil Belt and Petrocedeño water issue. 
Present some examples about the water production issue. Good background information about Faja. 
 
 
Objective of the paper: 
Demonstrate the added value of an appropriate integrated monitoring strategy to optimize reservoir 
performance. 
Obtain lessons learned for future developments. 
 
 
Methodology Used: 
Real case example. Description of the production behavior of a field with several producers. These wells 
has been equipped with real time monitoring devices like DTS and pressure gauges. 
 
 
Conclusion Reached: 
 Oil production potential and reserves can be maximized by producing watered out wells at 
maximum drawdown 
 Well monitoring allowed a better understanding of the area to generate an strategy to increase 
production 
 Removing water banking from the nearwellbore area is key to increase oil production 
 Maintain high PCP, MPP and water disposal capacity are key issues to maximize production 
 
 
Comments: 
Good geological overview of Petrocedeño area. 
Reserves cannot be maximized by producing a well at maximum drawdown, only production acceleration 
and increase oil production can be obtained by maximizing drawdown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
28   [Paper Number] 
 
SPE 120822 
 
Title: Effective Water Production Control Through Utilizing ECP and Passive ICD Completion 
Technologies: Case Histories. 
 
Authors: Hasan A. Al-Ahmadi and Saad M. Al-Mutairi, SPE, Saudi Aramco. 
 
 
Contribution to the understanding of Inflow Control Devices and Blind Pipes. 
Nice case histories and how this technology was successfully implemented to reduce water production. 
 
 
Objective of the paper: 
To describe real cases scenarios where ICD’s and blind pipe technology were used to obtain uniform 
flow profiles across horizontal wells and delaying early water breakthrough in both clastic and carbonate 
reservoirs. 
 
 
Methodology Used: 
Description of the operational procedure established in place to complete the new horizontals wells in 
these risks water production areas. 
 
 
Conclusion Reached: 
ICD has help Saudi Aranco to recover the oil improving the sweep and retard water breakthrough 
minimizing the effect of fractures channelizing the water to the wells. 
 
 
Comments: 
Good real case study, however no description about nozzles sizes was given. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[Paper Number]  29 
 
SPE 123008 
 
Title: First Application of Inflow Control Devices (ICD) in Open Hole Horizontal Wells In Block 15, 
Ecuador. 
 
Authors: E. Davila, R. Almeida, I. Vela, J. Pazos, K. Coello, Petroamazonas; F. Chinellato, O. Humbert, 
Schlumberger; F. Porturas, Reslink. 
 
 
Contribution to the understanding of Inflow Control Devices and Blind Pipes. 
Another example of effectiveness of this technology in consolidated and unconsolidated sandstones. 
Technology seems to adapt well to different conditions. 
 
 
Objective of the paper: 
To describe the design and application of new open hole sand face completion architecture equipped with 
inflow control device technology (first in Ecuador) in block 15 for two type of formations. 
 
 
Methodology Used: 
Description of the operational procedure established in place to complete the new horizontals wells in 
block 15 Ecuador to produce oil with lower water production. 
 
 
Conclusion Reached: 
ICD installation showed higher performance than a conventional completion reducing significantly water 
cut, balanced flux and delaying early water breakthrough. 
ICD worked fine with different fluid properties, where in the two wells, viscosities were different. 
No sand production was observed in the unconsolidated reservoir. 
 
 
Comments: 
ICD’s also can be beneficial to decrease flow velocity and therefore minimize sand problems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
30   [Paper Number] 
 
SPE 113577 
 
Title: Production Optimization for Second Stage Field Development Using ICD and Advanced Well 
Placement Technology. 
 
Authors: D. Maggs, SPE, A.G. Raffn, SPE, Francisco Porturas, SPE, Schlumberger; J. Murison, SPE, 
Reslink; F. Tay, W. Swarlan, N.B. Samsudin, W.Z.A. Yusmar, B. W. Yusof, T.N.O.M Imran, N.A. 
Abdullah, M.Z.B. Mat Reffin, Petronas Carigali Sdn Bhd. 
 
 
Contribution to the understanding of Inflow Control Devices and Blind Pipes. 
Very interesting paper, not only good description about how ICD was implemented to minimize water 
production and improve sweep efficiency, also covers how combining drilling technology with 
completion technology. 
 
 
Objective of the paper: 
To describe the design and application of new technology of drilling and completion equipment in 
horizontal wells to maximize production and recovery in a thin oil rim reservoir, located offshore in east 
Malaysia. 
 
 
Methodology Used: 
Description of the integrated workflow where a pre simulation was done to design the completion 
elements, then once in location while drilling as new information was gathered, proactive decisions 
where taken in place to modify and improve the original completion design. 
 
 
Conclusion Reached: 
Application of rotary steerable system combined with the advanced distance to boundary well placement 
technology ensured the well were drilled quickly and efficiently, the adjustable ICD sand screen 
completions ensured sand control and efficient sweep efficient and production. 
Based on real time logs and trajectory the ICD nozzles were adjusted at the wellsite before running in the 
hole. 
Water breakthrough at the heel of the well was obtained. 
 
 
Comments: 
Nice team work example. Different disciplines were combined to execute a better job. 
 
 
 
 
 
 
 
 
 
 
[Paper Number]  31 
OTC 17548 
 
Title: New Technology Applications to Extend Field Economic Life by Creating uniform Flow Profiles 
in Horizontal Wells: Case Study and Technology Overview. 
 
Authors: E.E. Ratterman, B.A. Voll, and J.R. Augustine, Baker Oil Tools. 
 
 
Contribution to the understanding of Inflow Control Devices and Blind Pipes. 
Nice historical background about the fist ever ICD implementation. Explained how the technology was 
develop and implemented. 
 
 
Objective of the paper: 
To describe historical and new applications of a proven production technology system that optimizes 
production, delay water and gas coning, minimizes annular flow to prevent erosion and ensures uniform 
inflow along lateral. 
 
 
Methodology Used: 
Describe how the ICD technology has been globally used either in sandstones and carbonate as well as 
light weight and heavy oil. Presented study cases in the Norwegian sector of the North Sea and Saudi 
Arabia. 
 
 
Conclusion Reached: 
By 2005, over 120 wells in North Sea have successfully implemented ICD technology. 
ICD technology provides a method to improve economic of oil in long horizontal completion in both 
sandstones and naturally fractured formations. 
Field case histories illustrate the applicability of the technology as a method of balancing production and 
preventing gas or oil coning. 
 
 
Comments: 
Initially it was believed Troll to be a gas field, nowadays thanks to the ICD technology is one of the 
largest oil producing field in Norway!... Impressive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
32   [Paper Number] 
IPTC 12385 
 
Title: ICD Screen Technology in Stag Field to Control Sand and Increase Recovery by Avoiding 
Wormhole Effect. 
 
Authors: S. Wibawa, S. Kvernstuen, Schlumberger; A. Chechin, J. Graham, and K.R. Dowling, Apache 
Energy. 
 
 
Contribution to the understanding of Inflow Control Devices and Blind Pipes. 
Another application for ICD to minimize water production from the created wormhole due to production. 
Injected water was only going to these wormholes and then the water was channeling to the producers 
through it. 
Describe ICD implementation not only in producers, also in Injector wells. 
 
 
Objective of the paper: 
To present the first installation of nozzle based passive inflow control device in Autralasia in a shallow 
unconsolidated sandstone reservoir with heavy oil. 
 
 
Methodology Used: 
Describe the processes in delivering the tailor made ICD system, completion modeling in the reservoir 
grid to simulation analysis of various scenarios and sensitivities. 
 
 
Conclusion Reached: 
ICD balanced the distribution of the water injection into the reservoir by improving injecvtivity in low 
permeable intervals and restricting the flow in the high permeable ones. 
 
 
Comments: 
Good example accounting injection wells. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[Paper Number]  33 
SPE 111147 
 
Title: Shapes of Flood Fronts in Heterogeneous Reservoirs and Oil recovery Strategies. 
 
Authors: Bernard Montaron, David Bradley, Anthony Cooke, Laurent Provost, Anne Gerd Raffn, Alain 
Vidal and Michael Wilt, Schlumberger. 
 
 
Contribution to the understanding of Inflow Control Devices modeling. 
Raised the point that when simulation completions elements, grid resolution has to be carefully designed 
to capture heterogeneities in the studied area. Otherwise the simulation of such completion elements can 
yield into misleading results. 
 
 
Objective of the paper: 
Present new results of computer simulations at high resolution of water flood front in reservoir with 
heterogeneous wettability distributions. Also, it is presented the impact of complex front shapes on sweep 
efficiency, recovery factor and water breakthrough and evaluate possible production scenarios using 
intelligent completions (ICD’s) and fluid front monitoring techniques to maximize recovery in spite of 
reservoir heterogeneities present. 
 
 
Methodology Used: 
Using a commercial numerical simulator, different scenarios were run to study the different obtained 
shape fronts. 
 
 
Conclusion Reached: 
When designing a grid to evaluate completion elements, grid has to be designer with care, to get a 
balance between resolution and computing time And to capture the desired heterogeneity level. 
 
 
Comments: 
Not very clear conclusions in this convoluted paper. Only the part related to the grid was taken. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
34   [Paper Number] 
SPE: 89405 
 
Title: A Successful Experience for Fiber Optic and Water Shut Off on Horizontal Wells with Slotted 
Liner Completion in an Extra Heavy Oil Field. 
 
Authors: H. Foucault, D. Polileux, A. Djurisic, M. Slikas, J. Strand, R. Silva. 
 
 
Contribution to the understanding of the Orinoco Heavy oil Belt and Petrocedeño water issue. 
This paper is the base of my synthetic model. It is presented a real case scenario describing what the 
problem is and what was done to address the situation. 
 
 
Objective of the paper: 
Describe the shut off experience in the Sincor Field in an extra heavy oil environment. 
 
 
Methodology Used: 
Identifying the water producing section of a horizontal well completed with slotted liner using fiber optic 
distribute temperature sensors. 
Once the water entry point was spotted, the water zone was isolated pumping into the well a gel solution 
followed by micro-matrix cement 
 
 
Conclusion Reached: 
Fiber optic can be extensively used in extra heavy oil environment to track water production. The 
technology allowed identifying the water entry point in a horizontal well with a bottom aquifer 
Water cut was decreased from 85% to almost 0 % after the treatment 
Oil production was increased by 250 % after the treatment 
Any given water shut off operation must be evaluated individually to determine the cost/benefit potential 
to establish the proper treatment technique according to the reservoir and well characteristic 
 
 
Comments: 
Gel injection can also be am alternative to shut off and abandon water entry zones. 
Nice description of the fluid and geological properties in the Petrocedeño area and details of a typical 
horizontal completion well by Petrocedeño 
Investigate if this technology is more expensive than ICD/ICV 
 
 
 
 
 
 
 
 
 
 
 
 
[Paper Number]  35 
SPWLA 43 rd Annual Logging Symposium, June 2-5, 2002 
 
Title: Integrated Evaluation of the Cerro Negro Field for Optimized Heavy Oil Production. 
 
Authors: Angel G. Guzman-Garcia. ExxonMobil exploration, Houston. Luz Marina Linares, Operadora 
Cerro Negro, caracas. Eric Decoster, Schlumberger Oilfield Services. 
 
Contribution to the understanding of the Orinoco Heavy oil Belt and Petrocedeño water issue: 
It was realized no porosity and permeability correlation can be easily obtained in this Faja area. 
 
Objective of the paper: 
To describe how by combining modern well logs, which include NMR and array laterolog measurements, 
with core data helped to identify oil bearing sands and understand their producibility. 
 
Methodology Used: 
It is presented how the interpretation of the information gathered by different tools was performed and 
analyzed. 
 
 
Conclusion Reached: 
Weak relationship between porosity and permeability was obtained in Cerro Negro Area. 
Because of the high contrast between heavy oil and water, extended reach horizontal wells must be 
located with care, to limit the likehood of water production. Stratigraphyc wells drilled for reservoir 
delineation provide the best opportunity to identify the reservoirs where water production is likely. 
NMR logs have shown to be a useful tool to provide information about oil viscosity and confirm possible 
water production. 
 
 
Comments: 
It was found that for some of the Faja areas, it is unlikely to obtain an accurate relationship between 
porosity and permeability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
36   [Paper Number] 
SPE: 50646 
 
Title: Application of a Multisegment Well Model To Simulate Flow in Advance Wells. 
 
Authors: J.A. Holmes, T. Barkve, ø. Lund. 
 
Contribution to the understanding of Inflow Control Devices modeling. 
None, however, this advance wellbore model allows to model completions element in the commercial 
simulator Eclipse. 
 
 
Objective of the paper: 
Describe an advance well model in which the wellbore is divided into an arbitrary number of segments. 
Describe two case studies where this model has been used. 
 
 
Methodology Used: 
Using commercial simulation software, two case studies (with real data) were simulated to model two 
different scenarios: 
Modeling advanced completions. Two types of control are investigated, a horizontal well with inflow 
control devices and inflow control valves. Both cases are compared with the conventional friction well 
model and using the multisegment well model. 
Same comparison but using a multiphase fluid model, and the addition of a choke to prevent branch to 
branch crossflow in a dual-lateral well. 
 
 
Conclusion Reached: 
Multisegment well model is suitable for modeling advance wells in reservoir simulators. 
It determine how the fluid flow rate, the wellbore contents and the pressure very throughout the well. 
Provide a more accurate treatment of crossflow and multiphase flow. 
In the first case study multisegment well model provided great flexibility for modeling the different types 
of control devices. 
In the second case, the multisement well model allowed defining a well path independently of the 
reservoir grid and multiphase flow model was used to stabilize the behaviour at low flow rates when the 
phases would tend to counterflow. 
 
 
Comments: 
Multi segment well model allow to model completion elements like ICD, ICV, etc. Regardless on the 
reservoir grid. I will use this model to simulate the scenarios in my project. 
 
 
 
 
 
 
 
 
 
 
[Paper Number]  37 
SPE: 124677 
 
Title: Understanding the Roles of Inflow Control Devices in Optimizing Horizontal-Well Performance. 
 
Authors: Preston Fernandes, Zhuoyi Li, and D. Zhu, Texas A&M University. 
 
Contribution to the understanding of Inflow Control Devices. 
Good conceptual background about the basic principle of the ICDs, nice revew of the different ICD 
types. 
 
 
Objective of the paper: 
Investigate how and when and inflow control device should be use. 
 
 
Methodology Used: 
To evaluate the performance of a horizontal will with ICD completion, a horizontal well flow model with 
a black oil reservoir simulator was used to calculate te relationship between flow rate and pressure 
distribution. 
Two examples were studied, a water drive case and a thin oil rim with gas cap. 
 
 
Conclusion Reached: 
ICD can be used to improve well performance and increase recovery. 
For reservoir with water aquifer drive, if the permeability is high and the well is long, frictional pressure 
dropo in the well can dominate the flow, resulting in a early water breakthrough and no inflow towards 
the toe section. ICD help to balance the flow condition and enhance production. 
 
 
Comments: 
Not bad, but not an impressive work. Very wide and greedy objective, saying this investigation will 
investigate when and how inflow control device will be used can be dangerous, there are many situations 
for ICD implementation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
38   [Paper Number] 
SPE: 113918 
 
Title: Insurance Value of Intelligent Well Technology Against Reservoir Uncertainty. 
 
Authors: E.A. Addiego-Guevara, M.D. Jackson, M.A. Giddins. 
 
Contribution to the understanding of Inflow Control Devices. 
Nice and detailed description about different control devices and its implementation under different 
conditions. 
 
 
Objective of the paper: 
Assess three different control strategies technology for intelligent well technology: 
• Passive control, designed prior to well completion – Employing FCD’s 
• Reactive controls, triggered by permanently installed downhole sensors and handled from surface- 
Employing ICV’s that opens and closes the completions according a specified production condition 
• Reactive controls, choking back the completion as increased water cut is measured 
Investigate if these completion equipments can enhance production and mitigate reservoir uncertainty if 
they are designed to work across a range of production scenarios. 
 
 
Methodology Used:  
Using commercial numerical simulation software, a conceptual reservoir model containing interbedded, 
laterally discontinuous shale barriers was created to run the proposed cases. 
Production was simulated using a horizontal well with 2800 feet length placed 25 feet from the top of the 
reservoir, the aquifer was located 65 feet below the well. 
The return of investment was estimated for each control strategy. To do so, an objective function to 
measure and compare their performance at the end of the simulated production was used. 
 
 
Conclusion Reached:  
Passive control strategy using FCD yielded the highest returns on investment if there is a confident 
reservoir characterization, however at certain level of uncertainty (which is the case in almost all 
reservoir developments) can yield also negative values. 
A simple reactive control strategy yielded neutral or positives return of investment regardless of reservoir 
behavior. 
Reactive control can insured against reservoir uncertainty reservoir. 
 
 
Comments:  
Excellent description between passive, reactive and proactive controls and sensitive simulated scenarios. 
Sensitive numerical simulated scenarios. It was interesting the incorporation of economic indicators to 
assess feasibility to implement each of the modeled technologies. 
 
 
 
 
 
 
 
[Paper Number]  39 
 
SPE: 97063 
 
Title: Development and application of New Downhole Technology to Detect Water Encroachment 
Toward Intelligent Wells. 
 
Authors: M.D. Jackson, J.H. Saunders and E.A. Addiego-Guevara. 
 
Contribution to address the studied water production issue: 
This concept can be implemented in the Faja to detect water 10’s to 100’s of meters away from the well 
and then activate any reactive or proactive device installed in the well to shut off potential water entry 
zones. 
 
 
Objective of the paper: 
Investigate whether changes measured in electrokinetic potential using permanently installed downhole 
electrodes could be used to detect water encroachment towards intelligent wells 
Methodology Used: 
Review of the existing literature about electrokinetic potential variations with water saturation 
Conduction of laboratory experiments to assess the variation of electrokinetic potential with water 
saturation, brine salinity and other key reservoir parameters 
Simulate the electrokinetic potential using a finite element approach to obtain if water can be identified 
away from the producing wells and having an estimation of the order of magnitude in which water can be 
first seen away from the well 
Simulate the response of intelligent well to encroaching water modeling Inflow control valves using 
commercial software 
 
 
Conclusion Reached: 
Water encroaching towards a production well, equipped with downhole electrodes installed on insulated 
casing, caused changes in the measured electrokinetic potential which help to detect water several 10’s to 
100’s of meters away from the well 
If the production well is also equipped with downhole inflow control valves, production can be 
significantly improved if encroaching water is detected and controlled before reaching and flowing into 
the well 
 
 
Comments:  
Novel methodology to detect water encroaching, however, this technology is most likely to be successful 
in reservoirs with low salinity brines, clean sandstones and wells producing at high rates. Not favorable 
then for heavy oil reservoirs. Not mentioned associated costs to insulated casings and electrodes 
installation 
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Other suggested reading. 
 
Table A.2: MILESTONES RELATED TO THIS INVESTIGATION 
Paper No. Year Title Authors Contributions 
SPE 106011 2007 
A literature Review on 
Smart-Well Technology 
Changhong Gao, T. 
Rajeswaran, Edson 
Nakagawa 
Convenient compilation of different available 
smart wells technology including 
corresponding service company manufacturer 
SPE 81107 2005 
Reservoir Management 
employing Smart Wells: A 
Review 
Carlos A. Glandt 
Field focus document describing different 
situations and smart completions contribution 
to address each issue 
OTC 13284 2001 
Management of water 
Breakthrough using 
Intelligent Well Technology 
Aleks C. C. Armstrong, 
Matthew D. Jackson 
Intelligent well technology has to be 
implemented with caution. 
Does not accelerate or increase production 
when the subject wells is nearby by other 
producers 
SPE 115742 2008 
Advance Wells: How to 
Make a Choice between 
Passive and Active Inflow-
Control Completions 
V.M. Birchenko, F.T. Al-
Khelaiwi, M.R. 
Konopczynski, D.R. Davies 
Provide a robust and comparative framework 
for both production technologist and 
reservoir engineers to select between passive 
and active flow control for optimized, 
advance well completions 
SPE 77522 2004 
Real-Time Monitoring and 
Control of water Influx to a 
Horizontal Well Using 
Advanced Completion 
Equipped with Permanent 
Sensors 
I.D. Bryant, M.-Y. Chen, B. 
Raghuraman. R. Schroeder, 
M.Supp, J. Navarro, I. Raw, 
J. Smith and M. Scaggs 
Description of a fully instrumented well 
presenting a detailed description of the 
design of the well 
 
 
 
SPE: 106011 
 
Authors: Changhong Gao, T. Rajeswaran, Edson Nakagawa. 
 
Title: 
A literature Review on Smart-Well Technology. 
Objective of the paper: To describe the typical components of smart wells systems. 
 
Methodology Used: 
Summary of the existing smart wells technology. 
 
Conclusion Reached: 
Intelligent completions are evaluated on the basis of the value offered relative to conventional 
completions. Most of these completions are found in critical wells where intervention cost is high and 
very often in deep water reservoirs. 
Smart completions can be used in brown field to increase and accelerate production. 
Rapid adoption of smart wells is expected to double from 2005. 
Cost and reliability are the two reasons that cause resistance to adoption of this technology. 
 
Comments:  
This paper presents a good summary of some of the smart completions and also some of the different 
companies that produces this technology. Also, gives some real examples of implementation of 
technology and its contribution to hydrocarbon production increase. 
 
 
 
 
[Paper Number]  41 
SPE: 81107 
 
Authors: Carlos A. Glandt. 
 
Title: 
Reservoir Management employing Smart Wells: A Review. 
Objective of the paper: Review and examples of a portfolio of opportunities where smart wells 
technology can be implemented. 
 
Methodology Used: 
Real cases where analyzed assessing the possibility of smart wells technology implementation and real 
examples are described. 
 
Conclusion Reached: 
Reservoir management options are been increased because of Smart completions. 
Smart completions are suitable for both mature and new fields. 
In Offshore completion wells, pressure gauges are now an industry standard. 
Distribute temperature sensors (DTS) have been successfully used in horizontal wells to monitor 
production contribution. 
Because of smart wells, comingle production can be implemented with a better control and understanding 
than without having these kind of completions. 
Downhole image technology have been used for reservoir characterization purposes improving the 
understanding of the reservoir. 
 
Comments: 
Interesting review about smart wells more apply to specific issues and challenges. Good complilation of 
real cases and how smart completions can give insights to contribute with a good practice in reservoir 
engineering management. 
 
 
 
 
OTC: 13284 
 
Authors: Aleks C. C. Armstrong, Matthew D. Jackson. 
 
Title: Management of water Breakthrough using Intelligent Well Technology. 
 
Objective of the paper: 
To investigate the application of Intelligent Well Technology to optimize recovery from multiple pay 
zone by managing water breakthrough. 
 
Methodology Used: 
Numerical simulations’ using commercial software was done to perform this investigation. Initially in an 
multi layer isolated conceptual model with different permeability and mobility ratio was modeled in order 
to get enough insights and knowledge about how the use of intelligent well technology behaves under the 
specified scenarios. 
Once important conclusions were obtained from the conceptual case, intelligent well technology was 
accounted at full field scale simulation considering Maureen field. 
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Conclusion Reached: 
Intelligent well technology allows accelerating and increasing oil production in multiple pay zones. 
By choking back production from high permeability zones, water breakthrough can be synchronized in 
multi layers zones. Hence, displacement efficiency can be improved. 
Mobility of the oil and water affects the benefit of employing IWT where the optimum benefit is 
achieved in adverse mobility ratio. 
Permeability contrast affects the benefit of IWT, a high permeability contrast potentiate the benefit of 
IWT, as the effect of water breakthrough becomes more significant. 
IWT reduces cost associated to intervention/workovers. 
IWT is beneficial if the well is isolated and away from the influence area of other producers, otherwise 
production can be reduced rather than increased. 
Selection of a candidate well for IWT has to be done with caution. 
 
Comments: Relevant conclusions to have in mind during my investigation. 
 
 
 
 
SPE: 115742 
 
Authors: V.M. Birchenko, F.T. Al-Khelaiwi, M.R. Konopczynski, D.R. Davies. 
 
Title: 
Advance Wells: How to Make a Choice between Passive and Active Inflow-Control Completions. 
Objective of the paper: 
Compare functionality and applicability of Inflow Control Devices (ICD’s) and Interval Control Valves 
(ICV’s). 
Provide a robust and comparative framework for both production technologist and reservoir engineers to 
select between passive and active flow control for optimized, advance well completions. 
 
Methodology Used: 
Extensive review of the available literature and documentation. 
 
Conclusion Reached: 
Conclusions are presented in a summary table where based on different parameters a screening criteria 
was defined indicating when to use ICD and ICV, some of this conclusions are: 
Aspect ICD ICV 
Uncertainty reservoir description No Yes 
More flexible development No Yes 
Number of controllable zones Yes No 
Inner flow conduit diameter Yes No 
Value of information No Yes 
Multilateral wells Yes No 
Multiple reservoir management No Yes 
Formation 
permeability 
High Yes No 
Medium to low No Yes 
Long term reliability Yes No 
 
 
[Paper Number]  43 
Comments: 
It is not clear if the conclusions of this paper rely on real cases or simulated scenarios/experiments. 
 
 
 
 
SPE: 77522 
 
Authors: I.D. Bryant, M.-Y. Chen, B. Raghuraman. R. Schroeder, M.Supp, J. Navarro, I. Raw, J. Smith 
and M. Scaggs. 
 
Title: 
Real-Time Monitoring and Control of water Influx to a Horizontal Well Using Advanced Completion 
Equipped with Permanent Sensors. 
 
Objective of the paper: 
Summarize and describe a real case scenario of a wellbore equipped with temperature and an annular 
valve to record pressure sensors gauges in the annulus and the tubing to operate the well by adjusting 
inflow with the installed electrical valves. 
Report a field test to assess the feasibility to intelligently operate a horizontal sand control well b y 
combining real time monitoring with downhole inflow control. 
 
Methodology Used:  
Detailed description of a instrumented horizontal well which was divided in three zones with its 
respective sensor and valves. 
 
Conclusion Reached: 
Installation of different sensors was done with a sand control completion. 
Water movement was detected using an installed resistivity array. Was able to detect the rise of the 
OWC. 
Information from the sensors was used to modify inflow with adjustable electrical valves. Controlling the 
movement of the bottom aquifer and intelligently commingled the production from two separate reservoir 
compartments. 
 
Comments: 
Good practical example of the use of the smart completions and its added value. 
They mentioned the sensors were installed with a sand control completion. 
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Appendix B 
 
Figure B1 presents a top view of the synthetic recreated STAR pattern of laterals indicating each well 
name. 
 
 
 
Figure B1. Top view presenting the well numbering and the blind pipe sections across the water entry interval (sand facie) depicted in 
yellow colour. 
 
Table B1 presented the twelve wells from the simulated STAR patter of laterals and its potential water 
entry intervals on column two. Based on these water entry intervals, blind pipe cases 1, 2 and 3 were 
proposed to reduce water production. Blind pipe case 2 corresponds to the interval described in blind pipe 
case 1 enlarging this 40 feet on both sides. The same situation was done in blind pipe case 3 where the 
interval was enlarged 80 feet in both sides. It was done in this manner to protect a larger section of the 
well from the water entry. 
 
 
Table B1. Summary of the shale gaps in the underlying shale layer per well, and the proposed Blind pipe cases to protect the 
wells from the water entry zone. 
Well Name Blind Pipe Case 1 
Interval (Feet, MD) 
Blind Pipe Case 2 
Interval (Feet, MD) 
Blind Pipe Case 3 
Interval (Feet, MD) 
PROD1 4185-4785 4145-4825 4105-4865 
PROD2* 3372-4300 3372-4340 3372-4380 
PROD3+ 4588-5072 4548-5112 4508-5152 
PROD4 4415-4815 4375-4855 4335-4895 
PROD5* 2963-3375 2963-3415 2963-3455 
PROD6* 3088-3420 3088-3460 3088-3500 
PROD7 4640-5040 4600-5080 4560-5120 
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PROD8 5368-5800 5328-5840 5288-5880 
PROD9+ 3952-4041 3912-4081 3872-4121 
PROD10 5346-5466 5306-5506 5266-5546 
PROD11+ 4200-4468 4160-4508 4120-4548 
PROD12 3500-3722 3460-3762 3420-3802 
 
*: wells with water entry nearby the heel only. 
+: wells with more than one water entry section 
 
Table B2 presents the wells with more than one water entry interval. Well PROD9, presents a particular 
case, where there are three possible water entry intervals. Interval 3 for well PROD9 is shown in table 
B3. 
 
 
Table B2. Summary of the shale gaps in the underlying shale layer per well, and the proposed Blind pipe cases to protect the 
wells from the water entry zone. Wells with more than one water entry interval. 
Well Name Blind Pipe Case 1 
Interval 2 (Feet, MD) 
Blind Pipe Case 2 
Interval 2 (Feet, MD) 
Blind Pipe Case 3 
Interval 2 (Feet, MD) 
PROD3+ 6401-6671 6361-6711 6321-6751 
PROD9+ 5050-5213 5010-5253 4970-5293 
PROD11+ 6270-6574 6230-6614 6190-6654 
 
 
Table B3. Summary of the third shale gap in the underlying shale layer in well PROD9. 
Well Name Blind Pipe Case 1 
Interval 3 (Feet, MD) 
Blind Pipe Case 2 
Interval 3 (Feet, MD) 
Blind Pipe Case 3 
Interval 3 (Feet, MD) 
PROD9+ 6446-6925 6406-6965 6366-7005 
 
In Figure B1 a top view of the wells is presented displaying the STAR pattern corresponding to the Blind 
Pipe case 3. Notice wells PROD3, PROD9 and PROD11 with more than one section of blind pipes. 
 
In the main body of this document a summary was presented of the simulated Blind Pipe Cases against 
the Base Case only for the type well No.4. Figure B2 depicts the oil rate and oil cumulative for the entire 
twelve wells in the STAR pattern. 
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Figure B2. Oil production rate (left axis) and cumulative oil production (right axis) comparing the Base Case (black line), Blind pipe 
Case 1 (green line), Blind pipe Case 2 (blue line) and Blind pipe Case 3 (red line) for the twelve wells of the STAR pattern of laterals. 
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Appendix C 
 
To create the economic model, all the costs, taxes and royalties are quoted on table 4, and the Equation 1, 
to calculate present value was used: 
 
 t
t
i
R
PV


1
 
 
Where: 
 
t= the time of the cash flow. 
i= the discount rate (the rate of return that could be earned on an investment in the financial markets with 
similar risk). 
Rt= the net cash flow (the amount of cash, inflow minus outflow) at time t. 
 
To calculate the revenue, the oil production per year was multiplied by the oil price, and then the 
different costs such as, operative costs, taxes, royalties, investment and the water production cost penalty 
were deducted in each time step, then, the sum of all these present values yielded the net present value. 
Equation 2. 
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